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(57) Abstract 



A method is disclosed for protecting a growing crop from pathogens comprising applying to the growing crop and to any 
pathogen present thereon a compound capable of generating an active oligomer elicitor in the crop or the pathogen. The com- 
pound is applied with a penetrating agent which aids in the entry of the compound into the cuticle layer of the growing crop or 
the pathogen. The elicitor is generated in the crop or the pathogen in an amount effective to elicit production in the crop of an 
anti-pathogenic agent. When the elicitor is generated in a pathogen present on the harvested crop, the elicitor is generated in suf- 
ficient amount to transfer into the crop, which transfer may be aided by the presence of said penetrating agent, in order to pro- 
duce the desired phytoalexins in the harvested crop. Also disclosed is a composition comprising the above compound and a pene- 
trating agent for the compound as well as a growing crop treated with the above composition. 
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I 

PROTECTION OF GROWING CROPS FROM PATHOGENS BY 
TREATMENT WITH ENZYMES 

FIELD OF THq INVENTJON, 

The present invention relates to protection of 
crops and, more particularly, to methods and 
compositions for protecting crops from pathogens 
utilizing each crop's own natural defense system. 

BACKGROUND OF TKR T WEWTTOH 

Over the years various techniques have been 
developed for protecting growing crops from attacks by 
various pathogens. Generally, the approach taken has 
been to apply to the crops various synthetic and 
naturally derived fungicides, bactericides and anti- 
viral agents (anti-pathogenic agents) which protect the 
crop from being infected without otherwise 
deleteriously affecting the growth and ultimate 
harvesting of the crop. While many such compositions 
are effective, there has nonetheless been a growing 
concern among consumers in the recent past as to the 
potential harmful side effects of chemical anti- 
pathogenic agents. This, in turn, has led to an 
increasing interest among both food producers and food 
vendors for compositions of natural origin, which are 
far less likely to cause adverse side effects and which 
would be more acceptable to the growing number of 
concerned consumers. 

As discussed by Abersheim et al., 
"Oligosaccharins", Scientific American , volume 253(3) 
September 1985, plants themselves are known to produce 
compounds which increase their resistance to pathogens. 
More specifically, plants are now known to contain 
regulatory molecules called oligosaccharins which, 
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when in active form, appear to deliver a message 
regulating a particular plant function including 
defense against disease as well as regulation of 
morphogenetic pathways. Such oligosaccharins are 
fragments of the cell wall which are released from the 
cell wall by enzymes, there being different 
oligosaccharins released by different enzymes. Once 
released, the oligosaccharins, which appear to be 
highly specific, are recognized by the plant and 
stimulate plant tissue to synthesize antibiotics. The 
enzymes which cause the release of the oligosaccharins 
from the cell wall can originate from an invading 
organism such as a fungus, bacterium or virus or from 
the cells of the plant itself, such as when such cells 
have been damaged. 

For example, as reported by Davis et al. in "Host- 
Pathogen Interactions", Plant Physiology , Volume 74, 
pp. 52-60 (1984), it is known that plants, when invaded 
by potentially pathogenic microorganisms, can 
accumulate at the site of infection phytoalexins which 
are antimicrobial compounds of low molecular weight. 
Such phytoalexin accumulation is in fact induced by 
oligosaccharins of microbial origin called elicitors. 
Compounds which cause release of such oligosaccharin 
elicitors from cell walls that have been isolated 
include fungal cell wall glucans and several fungal 
glycoproteins including a fungal 
endopolygalacturonase. Elicitors, e.g., pectic 
oligogalacturonides, have also been released from 
soybean cell walls by acid hydrolysis. Similar 
oligogalacturonide elicitors solubilized from cell 
walls, called endogenous elicitors, have been obtained 
by partial acid hydrolysis of the walls of suspension- 
cultured tobacco, sycamore, and wheat cells and from 
citrus pectin. 
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It is further known that heat-labile elicitors can 
be produced by £. caratovora grown on a defined medium 
containing citrus pectin. These elicitors were 
released using the enzymes a-l,4-endopolygalacturonic 
5 acid lyases (PGA) , which are pectin-degrading enzymes 
that have been shown to be secreted by many plant 
pathogens. Evidence is also present to the effect that 
release of oligosaccharides from the pectic polymers of 
plant cell walls by the PGA triggers the elicitation of 
10 phytoalexin accumulation. This evidence further 

suggests that the release of endogenous elicitors from 
plant cell walls by pectin-degrading enzymes plays a 
role in general plant disease resistance to 
microorganisms . 

15 It has further been reported by Davis et al, "Host 

Pathogen Interactions XXXI" Plant Molecular Biology . 
Vol. 6, pp. 23-32 (1986) that phytoalexin accumulation 
can be induced in vitro by abiotic and biotic 
elicitors. Abiotic elicitors include detergents and 

20 heavy metal salts, such as HgCl 2 . Biotic elicitors 
include a variety of compounds isolated from 
microorganisms and plant tissues. It was found that, 
in the induction of phytoalexin accumulation in soybean 
cotyledons, a hexa-£-glucosyl glucitol elicitor acts 

25 synergistically with either the deca-cr-l,4-D- 

galacturonide elicitor or PGA lyase, an enzyme that 
releases the decagalacturonide from pectic 
polysaccharides. Dilute organic-acid buffers were also 
found to enhance the elicitor activity of the hexa-0- 

30 glucosyl glucitols. 

It has also been shown that oligosaccharides 
produced from fungal cell walls can elicit phytoalexin 
and chitinase accumulation. Hadwiger, L.A., and 



BNSDOCID: <WO 9106313A1_I_> 



4 

Beckman, J.M. "Chitosan as a Component of Pea Fusarium 
Salflni Interactions" Plant Phvslol. 66; 205-211 (1980); 
Kendra, D.F. and Hadwiger, L.A. "Characterization of 
the Smallest Chitosan Oligomer that is Maximally 
Antifungal to Fusarium Solani and Elicits Pisatin 
Formation in Pisum Sativum " Exp. Mvcol. . 8: 276-281 
(1984); Roby, D. , Gadelle, A* , and Toppan, A. "Chitin 
Oligosaccharides as Elicitors of Chitinase Activity in 
Melon Plants" Biochem. Bionvs. Res. Comm. 143: 885-892 
(1987). The active oligosaccharides include those of 
chit in, a 0-1, 4 -linked polymer of N-acetyl glucosamine, 
and chitosan, a closely related material composed of p- 
1,4 -linked glucosamine residues. Both the 
phytoalexins and chitinases elicited by these materials 
can be antifungal. The £~glucan elicitors, which are 
among the most potent biotic elicitors, have been 
characterized by Sharp, J., Valent, B. , and Albersheim, 
P. "Purification and Partial Characterization of a /J- 
Glucan Fragment That Elicits Phytoalexin Accumulation 
in Soybean" J. Biol, Chem. 259: 11312-11320 (1984). 
(See related Sharp et al.: J. Biol. Chem. 259: 11321- 
11326 and 11341-11345). 

While the above-described natural defenses elicited 
on growing crops by the presence of pathogenic agents 
is theoretically interesting, it is nonetheless a 
practical reality that, by the time the cell material 
of a growing crop produces the much needed anti- 
pathogenic agent, the growth of the pathogen has often 
advanced to the point where such anti-pathogenic agents 
are of little effect. 

While oligosaccharin elicitors have been applied to 
plants in an attempt to "trick" a plant into producing 
anti-pathogenic agents, i.e., by contacting such plants 
with oligosaccharins, such attempts have, with the 
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exception of application of elicitors at wound sites, 
been unsuccessful thereby leading one to conclude that 
it is not merely the presence of the elicitors 
generated by pathogens which elicits the anti-pathoge- 
5 nic response by the plant. Thus, while theoretically 
interesting, there has thus far been little practical 
application of the above-described plant protection 
mechanisms since the time period between the initial 
elicitation of anti-pathogenic agents by a pathogen and 
10 the actual production of meaningful quantities of such 
anti-pathogenic agent is often too long for such anti- 
pathogenic agents to be effective. 

SUMMARY AND OBJECTS OF THE INVENTION 
In view of the foregoing limitations and 

15 shortcomings of the prior art methods of protecting 
growing crops from pathogens, as well as other 
disadvantages not specifically mentioned above, it is 
apparent that there still exists a need in the art for 
a method and composition for protecting a growing crop 

20 from pathogens which does not require the application 
thereto of potentially harmful chemicals. It is, 
therefore, a primary objective of the present invention 
to fulfill that need by providing a technique for 
protecting a growing crop from pathogens which makes 

25 use of anti-pathogenic agents derived from the crop 
itself. More particularly, it is an object of the 
present invention to provide techniques, compositions 
and methods for protecting a growing crop from 
pathogens by the application to that crop of a compound 

30 capable of causing anti-pathogenic agents to be 

produced by the crop itself before a pathogen causes 
the production of the anti-pathogenic agents, thereby 
protecting the crop better from attack or damage from 
the pathogen. 
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It is a further object of the present invention to 
provide a technique for protecting a growing crop from 
pathogens wherein the anti-pathogenic agents produced 
by the growing crop are elicited independently of the 
pathogens themselves thereby eliminating the unduly 
long lag times between attack by a pathogen and 
production of an effective amount of anti-pathogenic 
agent. 

It is a further object of the present invention to 
provide a technique for protecting a growing crop from 
pathogens wherein the anti-pathogenic agents produced 
by the growing crop are elicited by materials released 
from the cell walls of pathogens present on the crop 
prior to a time that those materials would normally be 
released from the pathogens present. Thus, the early 
release of the materials from the pathogens cause the 
crop to produce anti-pathogenic agents earlier than 
would normally occur, thereby reducing or eliminating 
the lag time between when the pathogen may attack the 
crop and the production of an effective amount of anti- 
pathogenic agents by the crop to protect itself from 
the pathogen. 

In a first aspect, the present invention comprises 
a method for protecting a growing crop from pathogens 
comprising applying to the crop a compound capable of 
generating an elicitor which stimulates the crop to 
synthesize anti-pathogenic agents, the compound being 
derived from a source other than a pathogen growing on 
the crop and the elicitor being generated in situ from 
the crop or from the pathogen tissue in an amount 
effective to elicit production of an anti-pathogenic 
agent by the crop. 
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In one embodiment of the first aspect, the 
invention comprises a method for protecting a growing 
crop from pathogens wherein the compound capable of 
generating an elicitor, such as chitinase, chitosanase 
5 or endo 0-glucanase, is applied to the crop to 

generate active oligosaccharides, such as /J-glucans, 
chitosan and chitin oligosaccharides, from cell walls 
of an invading pathogen present on the crop, the 
oligosaccharides contacting the. plant to produce a 
10 localized anti-pathogenic response. 

In one aspect, the present invention provides a 
method for protecting a growing crop from pathogens 
comprising applying to said growing crop a composition 
comprising: 

(a) a compound capable of generating in said crop 
or in a pathogen present on said crop an elicitor which 
stimulates said crop to synthesize anti-pathogenic 
agents, and 

(b) a penetrating agent capable of assisting said 
compound in penetrating into the cuticle layer of said 
crop or pathogen; 

said compound comprising an endoenzyme derived from 
a source other than a pathogen growing on said crop and 
applied to said crop in an amount effective to cause 
said elicitor to be generated In situ in an amount 
effective to elicit production of an anti-pathogenic 
agent by the crop. 

In another aspect, the present invention relates to 
a composition for application to a growing crop to 
30 protect said growing crop from pathogens comprising: 
(a) a compound capable of generating in said crop 
or in a pathogen present on said crop an elicitor which 
stimulates said crop to synthesize anti-pathogenic 
agents; 



15 



20 



25 
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(b) a penetrating agent capable of assisting said 
compound in penetrating into the cuticle layer of said 
crop ; 

said compound comprising an endoenzyme derived from 
5 a source other than a pathogen growing on said crop and 
present in an amount effective to cause said elicit or 
to be generated in situ in an amount effective to 
elicit production of an anti-pathogenic agent by the 
crop • 

10 In another aspect, the present invention relates to 

a growing crop protected from pathogenic attack 
comprising said crop having a composition on a surface 
of said crop comprising: 

(a) a compound capable of generating in said crop 
15 or in a pathogen present on said crop an elicitor which 

stimulates said crop to synthesize anti-pathogenic 
agents, and 

(b) a penetrating agent capable of assisting said 
compound in penetrating into the cuticle layer of said 

20 crop or pathogen; 

said compound comprising an endoenzyme derived from 
a source other than a pathogen growing on said crop and 
present in an amount effective to cause said elicitor 
to be generated jji situ in an amount effective to 

25 elicit production of an anti-pathogenic agent by the 
crop. 

With the foregoing and other objects, advantages, 
and features of the invention that will become 
hereinafter apparent, the nature of the invention may 
30 be more clearly understood by reference to the 

following detailed description of the invention and to 
the appended claims. 
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DESCRIPTION OF PRE FERRED EMBODIMENTS 

The "compounds capable of generating an elicitor" 
which are applied to the harvested crop according to 
this invention, are typically endoenzymes and similar 
5 compounds which cause the crop or an invading pathogen 
to release active oligomer elicitors, such as 
oligosaccharins, oligogalacturonides, £-glucans, 
chitins, chitosan, etc., from the cell vails of the 
crop or the pathogens present on the crop. The endo- 
10 compounds are useful in the present invention because, 
it is believed, they produce active oligomers from the 
crop or pathogen tissue or cell materials, which 
oligomers are active as elicitors. 

The compounds effective against pathogens which are 
15 elicited by the elicitors and produced by the crop are 
referred to as "anti-pathogenic agents. 11 

The compounds capable of generating elicitors in 
crops can be derived from fungi, bacteria, viruses, or 
from the harvested crop itself. When the crop 
< 20 involves a food product, the compounds must be 

recognized as being safe for application to fields and, 
of course, for application to food products. Included 
among such compounds are endoenzymes such as 
endocarbohydrases or endolyases which produce active 

25 oligomers by breaking up polysaccharide chains at 
various points along the length of the chain (as 
opposed to exoenzymes which act only at the end of the 
chain) . Among the endoenzymes, endoglycanases are 
preferred such as endopolygalacturonase and pectate 

30 lyase, pectin lyase, 0-glucanase, chitiriase, and 
chitosanase. Particularly preferred are the 
endoglycanases. Also, especially preferred are 
endopolygalacturonases such as those prepared from the 
fungi Fusarium monnilif orme and Aspergillus niae r . 
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The "penetrating agent 11 component of the 
composition of this invention can be any material which ? 
causes or assists said el ici tor-generating compound to 
enter the cuticle- layer of the growing crop or a 
5 pathogen present on the growing crop. In those 

compositions wherein said compound is an enzyme which 
is itself capable of entering or passing through the 
cuticle layer of the crop, the penetrating agent used 
will be a surfactant, a humect ant, or other material 

10 which aids in the efficient contact of said compound 
with the cuticle layer and causes the entry of said 
compound into the cuticle layer to be faster or more . 
efficacious. In those compositions wherein said 
compound is not itself capable of penetrating the 

15 cuticle layer in a reasonable manner or in a reasonable 
amount of time, the penetrating agent used usually will 
be a cutinase, wax esterase, or exoenzyme which is 
capable of entering or penetrating the cuticle layer 
faster or more efficiently than said compound and which 

20 will aid or speed the entry of said compound into the 
cuticle layer of the crop or the pathogen. In some 
cases it may be desirable to use such a penetrating 
agent in order to preserve the activity of said 
compound so that it will still be capable of generating 

25 the desired elicitors once it has entered the cuticle 
layer of the crop. When the penetrating agent is an 
enzyme, the composition can also comprise other useful 
components such as a surfactant, humectant or the like 
to further enhance the efficiency of the practice of 

30 this invention. As will be recognized the penetrating 
agent may also function to aid the entry of an elicitor 
into the cuticle layer of the growing crop where the 
elicitor is generated by said compound in a pathogen 
present on the growing crop and the elicitor then 

35 transfers from the pathogen to the growing crop : 
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thereby causing production of phytoalexins in the crop. 
Appropriate penetrating agents may also be selected 
from the materials known in the art as "adjuvants" for 
agricultural chemicals, for example from the adjuvants 
5 disclosed in copending application Serial 

Ho. 07/112, 108 , filed October 19, 1987, incorporated 
herein by reference. 

The compositions of this invention will typically 
contain additional components known to be useful for 
10 applying materials to growing crops, such as one or 
more carrier materials, buffer materials for pH 
control , and the like. Water will often be used as a 
carrier, but other conventional carriers may also be 
used . 

15 It should be understood that when a composition and 

method of this invention are employed, the composition 
is applied to the growing crop and to any pathogen 
which may be present on the surface of the growing 
crop. The composition of this invention can generate 

20 an elicitor from the crop or from the pathogen, whereby 
the elicitor enters the crop and causes production of 
anti-pathogenic agents. Thus, the compounds for use in 
this invention can be selected and formulated to 
generate the elicitors desired for particular anti- 

25 pathogenic agent production. In some cases it will be 
desirable to generate the elicitor or elicitors in the 
crop itself in order to cause certain anti-pathogenic 
agents to be produced to protect the crop from pathogen 
attack. In other cases it will be desirable to 

30 generate the elicitor in the pathogen present on the 

growing crop and cause that elicitor to enter the crop 
in order to cause production of specific anti- 
pathogenic agents to protect the crop against attack 
from that particular pathogen. This can be timed to 
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cause the crop to produce its anti-pathogenic agents 
well in advance of when the crop would have normally 
been induced to do so by the actual attack of the crop 
by the pathogen. Thus, by the time the pathogen is 
5 mature enough or reaches its life cycle point where it 
attacks the crop, the crop is already protected against 
the attack, whereas normally the crop is not stimulated 
to produce the anti-pathogenic agents until attacked by 
the pathogen and then cannot produce those agents 
10 rapidly enough to protect itself. 

In general , the compositions of this invention are 
applied to the growing crops in accordance with 
techniques well known to persons skilled in the art 
such as in the form of a spray prepared by mixing the 

15 enzyme compound and penetrating agent into a suitable 
carrier such as a buffer solution* A buffer is 
preferably employed in view of the fact that enzymes 
are typically quite pH sensitive and thus, are 
desirably protected from potentially damaging 

20 variations in pH. It will be appreciated, however, 

that it is possible that the natural pH of a crop being 
treated, which is typically acidic, will be within the 
acceptable pH range of the enzyme being applied 
thereto. In such instances, a buffer may not be 

25 required. A surfactant is usually employed in order to 
wet the surface of the crop to thereby obtain exposure 
of the crop to the enzyme. Typically , the amount of 
active enzyme compound in the total composition 
including the carrier is between about 1 and about 

30 1000 /ig/ml, although amounts outside such range might 
also be acceptable, depending upon the compound being 
employed and the crop being treated. The amount of the 
surfactant required is readily ascertainable by persons 
skilled in the art and will typically range from 

35 between about 0.001 and about 0.1 % by weight based on 
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the weight of the carrier. It should be noted that, 
while the compositions of this invention are primarily 
described as intended for use on growing crops, the 
compositions of this invention will also find utility 
5 on harvested crops as well. Treatment of harvested 
crops is the subject of copending application Serial 

No. , filed on even date with this 

application (Attorney Docket No. 010055*011) . 

Where pH regulation is not important, such as where 
the natural pH of the crop corresponds to the pH at 
which the applied compound is active, water may serve 
as the carrier. Where a buffer is employed, there may 
be used any buffer solution which is compatible with 
the enzyme and does not otherwise deleteriously affect 
the crop. Of course, the buffer must also be a 
material which is known to be safely used with a 
foodstuff. Suitable buffers include, for example, 
a 5-50 mM solution of sodium succinate or sodium 
citrate. As the surfactant, there can be employed, once 
again, compounds which are compatible with the enzymes 
being applied, do not otherwise deleteriously affect 
the crop being treated and are safely used with a 
foodstuff. Suitable surfactants include, but are not 
limited to Tween-80 and Triton-X-100. 

25 The above-described formulations, containing the 

compound capable of generating an elicitor in the crop 
or in a pathogen present on the crop, the penetrating 
agent, and, if desired, a surfactant in a suitable 
carrier are then applied to the growing crop. 
30 Application of the formulation can be carried out in 
accordance with techniques well known to persons 
skilled in the art such as by preparing a spray for 
application to the growing crop. It will be 
appreciated that the amount of solution required for 
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20 
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treatment of the crop will depend on the particular 
crop being treated. Such amount is one which is 
readily ascertained by a person skilled in the art. 

It is noted that the formulations of the invention 
5 can prevent pathogenic attack, e.g., fungal, bacterial, 
or viral attack on a crop. This is accomplished as 
mentioned above by causing the crop to produce anti- 
pathogenic agents in advance of actual attack upon the 
crop by a pathogen, so that when the pathogenic attack 
10 does occur, the plant is prepared, either by an immune 
response or otherwise. 

Upon application of the formulations of the 
invention to a growing crop, elicitors are generated in 
the crop or in a pathogen present on the crop. It is 

15 noted that in addition to oligosaccharins such as 

oligogalacturonides, the compounds of the invention 
might generate other elicitors present in the cellular 
material of the crop. Furthermore, such elicitors can 
elicit production of a number of anti-pathogenic 

20 agents including, but not limited to f phytoalexins, 
chitinase, beta-l,3-glucanase and various proteinase 
inhibitors. 

The following are examples of preferred embodiments 
of the compositions of this invention. 

25 Example I 

Endopolygalctuonase 20 Jig/ml 

Buffer 10 mM sodium phosphate pH 7,0 

Cutinase 20 ng/ml 

Triton X-100 0.05% wt/vol 
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Pectin lyase 
Cutinase 
Buffer 
Triton X-100 



Example II 

20 jig/ml 
20 nq/tol 

lOmM sodium phosphate 7.0 
0.05% wt/vol 



10 



Pectate lyase 
Cutinase 
Buffer 
Triton X-100 



Example HI 

20 /ig/ml 
20 /*g/ml 

lOmM sodium phosphate pH 7.0 
0.05% wt/vol 



15 



B-glucanase 
Cutinase 
Buffer 
Triton X-100 



Example IV 

50 fig/ml 
20 Mg/ml 

lOmM sodium phosphate pH 7.0 
0.05% wt/vol 



20 



Chitinase 
Cutinase 
Buffer 
Triton X-100 



Example V 

50 Mg/ml 
20 Mg/ml 

lOmM sodium phosphate 7.0 
0.05% wt/vol 



25 



Chitosanase 
Cutinase 
Buffer 
Triton X-100 



Example VI 

50 Mg/ml 
20 Mg/ml 

lOmH sodium phosphate 7.0 
0.05% wt/vol 



Pectin lyase 
Buffer 
Triton X-100 



Example VII 
50 pg/ml 

lOmH sodium succinate pH 5.2 
0.1% wt/vol 



30 



Endopolgalaturonase 

Buffer 

Triton X-100 



Example yju 
50 Mg/ml 

10mM sodium succinate pH 5.2 
0.1% wt/vol 
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Pectate lyase 

£~glucanase 

Chitinase 

Cutinase 

Triton X-100 

Buffer 



16 

Example IX 

50 M9 

so Mg/al 
SO tig/ml 
20 Mg/ml 
0*05% vt/vol 

lOmM sodium phosphate pH 7.0 



In a preferred aspect of the method of this 
invention, it is desired to spray the crop before or at 

10 the first sign of the presence of pathogen or of the 
infection of the crop by pathogen. A desired 
application rate is at 40 gal/acre. It may be desired 
in many crops to repeat the treatment after two weeks 
if necessary to proavide the desired protection from 

15 the pathogens present on the crop. 

The following is a list of crops and corresponding 
diseases and organisms which can be controlled in 
accordance with the present invention. 
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CROP 
CORN 



25 COTTON 



PISEA5E 

Anthracnose 

Smut 

Ear and Stalk rot 
Leaf-sot 

Blight 

Fusarium Wilt 

Southern blight 
Verticillium Wilt 



ORGANISM 

CQU^tPtrichuffl 

oraminicola 
VgfrUago WY$jp 
Gibberella roseum 
Helminthospori um carbonum 

Ascochvta aossvpii 
Fusarium oxvsporum 
Vfrsinfggtmi 
Solerotium rolfsli 
Vertici llium albo-atrum 



30 



35 



FIELD 



Anthracnose 

Root rot 
Rust 



Collect otrichum 
lindemuthianum 
Fusariu m solani 
phaseoli 

Rust Uromvces phasoli 
Paeudomonas svri noae pv 
phased icola 
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CRO£ 
FLAX 

PATS 



10 



15 



20 



PEANUT 

MUSTARD 

RAPESEED 

RICE 



25 



30 



35 



DISEASE 

Anthracnose 
Stem break 
Wilt 

Anthracnose 
Rust 

Darkstem 

Leaf spot 
Stem rot 

Black spot 

Black leg 

Bakanae 

Blast 
Stem rot 
Leaf spot 
Sheath spot 

SAFFLOWSR wilt 

SORGHUM Anthracnose 

Stalk rot 
Root rot 

SOYBEANS Aerial blight 
Anthracnose 

Wilt 

Late Blight 
stem canker 



SUNFLOWER Black stem 
Wilt 



ORGANISM 
Colletotrichum ltni 

polygppra. lini 

Fusarium oxvsporum f. bp, 
lini 

Collectotrlchum 

craminicola 

Puccinia coronate var. 

flvenae 

Seotoria avenae 

Cercospora arachidicola 
Solerotium rolfsii 

Alternaria brass icae 

Leptospherla maculans 



Fusarium moniliforma f. 
SP. 

Pvricularia orvzae 
Sclerotium orv2ae 
Rhlzoctonia orvzae 



Fusarium oxvsporum f. 
carthaml 



sp. 



Colletotrichum 
araminicola 
Fusarium mon ill forme 



Rhlzoctonia solani 

Colletotrichum 

dematium 

Fusarium oxvsporum 
vasinfectum and glycines 
Phvtophtora meg a sperm a 
qiycinea. 

Diaporthe phas«*o7 nnini 
Pseudomonas svri naae pv 
glycines, 

Phoma oleracea 
Vertlcillium dahlia* 
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DISEASE 

Anthracnose 

Bunt 

Stem rust 
Head blight 



10 POTATO 
ALFALFA 
BROAD BEAN 
SWEET POTATO 

15 TOMATO 



Late Blight 



ORGANISM 



Colletotrichum 
qraiwiniCPla 
Tilletia caries 
Tt f pet Ida 
Puceinia oraminis 

Pusariuin roseura 

qereaiis 

Phvtophthora infestans 

Stemphvllum botrvosum 

Botrvtls fabae 

Ceratocvstis fimbriata 

Cladosporium fulvum 
Pseudomonas svrinaae pv. 
tomato 



Although only preferred embodiments of the 
invention are specifically illustrated and described 

20 above, it will be appreciated that many modifications 

and variations of the present invention are possible in 
light of the above teachings and within the purview of 
the appended claims without departing from the spirit 
and intended scope of the invention. It will also be 

25 apparent that many pathogenic diseases not listed may 
be effectively treated or prevented by employing the 
methods and compositions of this invention. 
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WHAT IS CIATMED Tfit 

1 1. A method for protecting a growing crop from 

2 pathogens comprising applying to said growing crop a 

3 composition comprising: 

4 (a) a compound capable of generating in said crop 

5 or in a pathogen present on said crop an elicitor which 

6 stimulates said crop to synthesize anti-pathogenic 

7 agents , and 

8 (b) a penetrating agent capable of assisting said 

9 compound in penetrating into the cuticle layer of said 

10 crop or pathogen; 

11 said compound comprising an endoenzyme derived from 

12 a source other than a pathogen growing on said crop and 

13 applied to said crop in an amount effective to cause 

14 said elicitor to be generated in situ in an amount 

15 effective to elicit production of an anti-pathogenic 

16 agent by the crop. 

1 2. The method of Claim 1 wherein said endoenzyme 

2 comprises endopolygalacturonase, pectate lyase, pectin 

3 lyase, 0-glucanase, chitinase, or chitosanase. 

1 3. The method of Claim 1 wherein said penetrating 

2 agent comprises a surfactant, a humectant, an 

3 exoenzyme, a cutinase or a wax esterase. 

1 4. The method of Claim 1 wherein said elicitor 

2 produced is an oligosaccharin. 

1 5. The method of Claim 1 wherein said composition 

2 comprises a buffer. 

1 6. The method of Claim 1 wherein said composition 

2 comprises from about 10 to about 1000 /xg/ml of said 

3 compound • 
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1 7. The method of Claim 1 wherein said endoenzyme 

2 comprises an endoglycanase.. 

1 8. The method of Claim 1 wherein said endoenzyme 

2 comprises an endocarbohydrase or endolyase. 

1 9, The method of Claim 1 wherein said endoenzyme 

2 comprises an endopolygalacturonase. 

1 10. The method of Claim 1 wherein said compound 

2 applied to said crop generates an active 

3 oligosaccharide from cell walls of an invading pathogen 

4 present on said crop, said oligosaccharide contacting 

5 the said crop to produce an ant i -pathogenic response in 

6 said crop. 

1 11. The method of Claim 10 wherein said active 

2 oligosaccharide is chitosan or chitin oligosaccharide. 

1 12. A composition for application to a crop to 

2 protect said crop from pathogens comprising: 

3 (a) a compound capable of generating in said crop 

4 or in a pathogen present on said crop an elicitor which 

5 stimulates said crop to synthesize anti-pathogenic 

6 agents ; 

7 (b) a penetrating agent capable of assisting said 

8 compound in penetrating into the cuticle layer of said 

9 crop; 

10 said compound comprising an endoenzyme derived 

11 from a source other than a pathogen growing on said 

12 crop and present in an amount effective to cause said 

13 elicitor to be generated in situ in an amount effective 

14 to elicit production of an anti-pathogenic agent by the 

15 crop. 
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1 13. The composition of Claim 16 wherein said 

2 endoenzyme comprises endopolygalacturonase, pectate 

3 lyase, pectin lyase, 0-glucanase, chitinase, or 

4 chitosanase. 

1 14 • T he composition of Claim 12 wherein said 

2 penetrating agent comprises a surfactant, a humectant, 

3 a cutinase or a wax esterase. 

1 15. The composition of Claim 12 wherein said 

2 elicitor produced is an oligosaccharin. 

1 16. The composition of Claim 12 wherein said 

2 composition comprises a buffer. 

1 17. The composition of Claim 12 wherein said 

2 composition comprises 10-1000 jig/ml of said compound. 

1 18. The composition of Claim 12 wherein said 

2 endoenzyme comprises an endoglycanase . 

1 19. The composition of Claim 12 wherein said 

2 endoenzyme comprises an endocarbohydrase or endolyase. 

1 20. The composition of claim 12 wherein said 

2 endoenzyme comprises an endopolygalacturonase. 

1 21. The composition of Claim 12 wherein said 

2 compound applied to said crop generates an active 

3 oligosaccharide from cell walls of an invading pathogen 

4 present on said crop, said oligosaccharide contacting 

5 the said crop to produce an anti-pathogenic response in 

6 said crop. 
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1 22. The composition of Claim 21 wherein said 

2 active oligosaccharide is chitosan or chitin 

3 ol igosacchar ide . 

1 23. The composition of Claim 12 comprising a 

2 carrier. 

1 24. The composition of Claim 16 comprising a 

2 carrier. 



9 
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